A distributed sensor network (DSN) consists of sensor nodes with limited energy source, sensor devices, short-range radio and on-board processing capability. Sensing capability of the attached sensing devices and their small size, make these sensor nodes highly suitable for habitat monitoring. Every physical event leaves some fingerprints in the environment in terms of the event's effect; e.g., fire increases temperature, chemical spilling increases contamination, nuclear leakage increases radiation. Moreover, most of the physical phenomena follow diffusion property with distance, i.e.,
where d is the distance from the point having maximum effect of the event, f (d) is magnitude of the event's effect and α is the diffusion parameter depending on the type of effect; e.g., for light α = 2, heat α 1. As an example, if some location's temperature is 100 o C then, nearby locations temperature should be correlated with that based on the distance. Thus the property of physical phenomena implicity creates a distributed information repository about the event's effect. So, routing protocols for DSN can exploit this natural, information gradient as an important attribute to forward the query efficiently towards the source.
Characteristics of the sensor nodes, i.e., limited battery life, energy expensive wireless communication, high probability of failure or malfunction and unstructured nature of the DSN, make routing in the DSN a challenging problem. Traditional routing protocols of the DSN are based mostly on flooding (Directed Diffusion [1] ) or random-walk (ACQUIRE [2] ). These approaches, however, do not utilize the domainspecific knowledge, i.e., the event's fingerprint gradient about the monitored phenomenon. Previous datacentric routing protocols that are based on information gradient [3] , use a proactive phase to prepare distributed or cluster based gradient information repository towards a target or an event. To adapt to dynamic behavior of DSN, periodic update of information repository is required. To route a query from sink * This research is supported by Pratt&Whitney UTC Institute for Collaborative Engineering (PWICE), Intel and NSF CAREER awards.
to source, most of these protocols use greedy routing algorithms based on information gradient. For preparing gradient information repository and routing query, protocols do not take advantage of using well established law of physical events. Moreover, the query proceeds towards the source through a single path, which usually get trapped at the local maxima or minima, or reach a dead-end due to imperfect sensor device and environmental noise. On the other hand, creating unlimited multiple paths resembles flooding.
In this paper, we propose a scheme to effectively exploit the fingerprint gradient of the event's effect to avoid the proactive phase of preparing distributed gradient information repository and a novel energy efficient, fully distributed and reactive routing protocol based on that information gradient. Our protocol effectively exploits the laws of physical events for routing decision. Also it overcomes the limitations of usual information-driven routing protocols due to local maxima or minima using simulated annealing concepts in a distributed manner and establishes an effective balance between single path and multiple path exploration to discover routes.
In practice, sensor devices are not perfect. Theoretically, the tail of the decay distribution is infinite, but real life sensors are unable to detect or measure effect of an event below a certain threshold. So, some flat information region always exists, where information content is either the same or zero due to lack of sensitivity of sensor device(s). Also, obstacles or sensor/node failure may cause discontinuity in the gradient information region (Figure 1) . Further, environmental noise such as airflow, humidity, etc. effects the sensor's reading. With the intuition of natural information gradient and the environment model described above, our basic information-driven routing protocol is designed. It is assumed that to prevent looping, each querier generates unique sequence number for the query it sends. Based on the environment model, each query can have two different modes -(1) flat region mode and (2) gradient region mode. Initially, a query starts with flat region mode. It switches to gradient region mode as soon as it finds gradient information about the event's effect.
A query may be initiated from any arbitrary node. Upon receiving the query, the querier sets the query mode to flat region mode and forwards the query to its neighbors with its gradient information level about the queried event. Then, each neighbor independently decides whether to forward the query based on the algorithm described below.
In the flat information region, if the query mode
is flat, node uses flooding to forward the query towards the gradient information region. Otherwise, a node uses probabilistic forwarding described next. The query does not switch to the gradient mode unless gradient information is found. In the absence of event(s), the protocol will only use this flooding approach.
2. In the gradient information region, we follow a greedy approach. If a node is able to improve information level, it forwards the query to its neighbors for further improvement. Otherwise, the node performs probabilistic forwarding, described next.
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x a , where x = hop-count in the gradient information region), based on the simulated annealing concept.
Initially our algorithm generates multiple paths to discover the source; but in the absence of multiple sources most of the paths will terminate after few hops. If a nodes is able to resolve the query, it uses the reverse path to reply.
To evaluate the protocol, simulations were conducted with 100 × 100 regular grid of 10000 sensor nodes. Each node can communicate with its eight neighbors. In our primary experiment setup for singlevalue query, we consider one peak information point Percentage of failure (to find source) Through simulations we analyzed the average energy dissipation in terms of average number of transmissions, and compared it with flooding and expanding ring search (ERS) in Figure 2 . Reachability of the protocol is analyzed for the different values of a of the probabilistic forwarding function. From Figures 3 and  4 we see that for a < α, the query failure rate is very low. But, it increases the number of transmissions as more nodes are selected to forward the query probabilistically. However, for values of a < α but close to α we get the optimal trade-off between communication overhead and robustness of the protocol. In sum, the main objective of our scheme is to exploit the effective diffusion pattern of events to efficiently route the query towards the event source. The use of our scheme to find global maxima and detect multiple events are described in [4] . Using time gradient, the protocol can be used for tracking moving object (e.g. animal or vehicle). Currently we are working to further reduce the number of transmissions and enhance reachability based on an analytical relationship between the diffusion pattern and the probabilistic forward function at each step.
